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Abstract 
:HSUHVHQWDPHWKRGIRUH[SHULPHQWDOGHVLJQRSWLPL]LQJGDWDDFTXLVLWLRQIRUPD[LPXPFRQILGHQFHLQWKHVRLOSODQW
PRGHO VHOHFWLRQ WDVN 7KH PHWKRG FRQVLGHUV XQFHUWDLQW\ LQ SDUDPHWHUV PHDVXUHPHQWV DQG PRGHO VWUXFWXUHV :H
FRPELQH %D\HVLDQ0RGHO $YHUDJLQJ %0$ ZLWK ZRUWKRIGDWD DQDO\VLV DQG LQYHVWLJDWH KRZ GHFLVLYH WKH PRGHO
ZHLJKWV DUH XQGHU GLIIHUHQW VHOHFWLRQVRI GDWD W\SHV 7KLV DOORZV DVVHVVLQJ WKH SRZHU RI GLIIHUHQW GDWD W\SHV GDWD
GHQVLWLHV DQG GDWD ORFDWLRQV LQ LGHQWLI\LQJ WKH EHVW PRGHO VWUXFWXUH IURP DPRQJ D VXLWH RI SODXVLEOHPRGHOV 7KH
PRGHOVFRQVLGHUHGLQWKLVVWXG\DUHWKHFURSPRGHOV&(5(668&526*(&526DQG63$66ZKLFKDUHFRXSOHGWR
LGHQWLFDO URXWLQHV IRU VLPXODWLQJ VRLO SURFHVVHV ZLWKLQ WKH PRGHOLQJ IUDPHZRUN ([SHUW1 7KH IRXU PRGHOV
FRQVLGHUDEO\GLIIHULQWKHGHJUHHRIGHWDLODWZKLFKFURSJURZWKDQGURRWZDWHUXSWDNHDUHUHSUHVHQWHG0RQWH&DUOR
VLPXODWLRQVZHUH FRQGXFWHG IRUHDFKRI WKHVHPRGHOVFRQVLGHULQJ WKHLUXQFHUWDLQW\ LQ VRLOK\GUDXOLFSURSHUWLHVDQG
VHOHFWHG FURS PRGHO SDUDPHWHUV :LWK %D\HVLDQ PRGHO XSGDWLQJ E\ D %RRWVWUDS ILOWHU WKH PRGHOV ZHUH WKHQ
FRQGLWLRQHG RQ ILHOGPHDVXUHPHQWV RI VRLO PRLVWXUH OHDI DUHD LQGH[ /$, DQG HYDSRWUDQVSLUDWLRQ UDWHV GXULQJ D
YHJHWDWLRQ SHULRG RIZLQWHU ZKHDW LQ1HOOLQJHQ 6RXWKZHVWHUQ *HUPDQ\ )ROORZLQJ RXU DSSURDFKZH GHULYHG WKH
%0$PRGHOZHLJKWVZKHQXVLQJDOOGDWDRUGLIIHUHQWVXEVHWVWKHUHRI:HGLVFXVVWRZKLFKGHJUHHWKHSRVWHULRU%0$
PHDQRXWSHUIRUPHGWKHSULRU%0$PHDQDQGDOOLQGLYLGXDOSRVWHULRUPRGHOVKRZLQIRUPDWLYHWKHGDWDW\SHVZHUHIRU
UHGXFLQJ SUHGLFWLRQ XQFHUWDLQW\ RI DFWXDO HYDSRWUDQVSLUDWLRQ DQG KRZ ZHOO WKH PRGHO VWUXFWXUH FDQ EH LGHQWLILHG
EDVHGRQWKHGLIIHUHQWGDWDW\SHVDQGVXEVHWV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKHFRQIHUHQFH

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1. Introduction 
2EMHFWLYHO\VHOHFWLQJDSSURSULDWHPRGHOVIRUUHDOLVWLFVLPXODWLRQVRIFRXSOHGVRLOSODQWSURFHVVHVLVD
FKDOOHQJLQJ WDVNVLQFH WKHSURFHVVHVDUHFRPSOH[QRW IXOO\XQGHUVWRRGDW ODUJHU VFDOHVDQGKLJKO\QRQ
OLQHDU$OVRFRPSUHKHQVLYHGDWDVHWVDUHVFDUFHDQGPHDVXUHPHQWVDUHXQFHUWDLQ,QWKHSDVWGHFDGHVD
YDULHW\RIGLIIHUHQWPRGHOVKDYHEHHQGHYHORSHGWKDWH[KLELWDZLGHUDQJHRIFRPSOH[LW\UHJDUGLQJWKHLU
DSSUR[LPDWLRQ RI SURFHVVHV LQ WKH FRXSOHG PRGHO FRPSDUWPHQWV >@ 'LIIHUHQW PRGHOV HPSKDVL]H
SURFHVVHVRISDUWLFXODUPRGHOFRPSDUWPHQWVDQGRIWHQWKH\DUHWHVWHGRQO\RQWKHDELOLW\WRUHSURGXFHRU
SUHGLFW WKHVH SURFHVVHV UDWKHU WKDQ RQ WKH DELOLW\ WR VLPXOWDQHRXVO\ UHSURGXFH SURFHVVHV LQ DOO PRGHO
FRPSDUWPHQWV7KLVFDQEHFDXVHGE\WKHODFNRIFRPSUHKHQVLYHGDWDVHWVRUE\WKHDSSDUHQWPLVILWWUDGH
RIIWRFRQWUDVWLQJGDWDW\SHV>@+RZHYHUILHOGWULDOVWRREWDLQFRPSUHKHQVLYHGDWDVHWVRIVWDWHYDULDEOHV
WKDWGHVFULEH WKH VRLOSODQWDWPRVSKHUHFRQWLQXXPDUHH[SHQVLYHDQG WLPHFRQVXPLQJ ,QDGGLWLRQ VRLO
SODQWPRGHOVUHDFWGLIIHUHQWO\ZKHQ WKH\DUHFRQGLWLRQHGRQ GLIIHUHQWVSHFLILFGDWD W\SHV3DUDPHWHUVDV
ZHOODVSUHGLFWLRQVDUHVHQVLWLYHWRWKHW\SHRIFDOLEUDWLRQGDWD7KHUHIRUHLWZRXOGEHH[WUHPHO\YDOXDEOH
WRNQRZHYHQEHIRUHILHOGH[SHULPHQWVKDYHVWDUWHGZKLFKGDWDVKRXOGEHDFTXLUHGDWZKLFKIUHTXHQF\WR
HQVXUH PD[LPXP FRQILGHQFH PRGHO VHOHFWLRQ DQG D PLQLPXP SUHGLFWLYH HUURU YDULDQFH \HW DW VPDOO
H[SHULPHQWDOFRVWV
7R LGHQWLI\ WKH EHVW PRGHO VWUXFWXUH IURP DPRQJ D VXLWH RI SODXVLEOH PRGHOV ZH DGYDQFH H[LVWLQJ
%D\HVLDQ0RGHO$YHUDJLQJ%0$DQGLQIRUPDWLRQWKHRUHWLFDQDO\VLV WHFKQLTXHV>@ZKHUHZHPRQLWRU
KRZ %0$ ZHLJKWV UHDFW WR FRQGLWLRQLQJ RQ SRVVLEOH GDWD VHWV IURP GLIIHUHQW SURSRVHG VDPSOLQJ
FDPSDLJQV ,QRXUVWXG\ZHVHOHFWHGIRXUGLIIHUHQWSODQW JURZWKPRGHOV WKDWDUHFRXSOHG WRDFRPPRQ
VRLOZDWHU IORZPRGHO7KHSODQW JURZWKPRGHOVXWLOL]HGKHUHLQ DUH&(5(6 >@68&526 >@63$66
>@DQG*(&526>@7KHVHIRXUGLVSDUDWHPRGHOVDUHDOOLQFRUSRUDWHGLQWKHPRGHOV\VWHP([SHUW1
>@DQGVLPXOWDQHRXVO\GHVFULEHHYDSRWUDQVSLUDWLRQURRWZDWHUDQGVROXWHXSWDNHVRLOKHDWIOX[HVDQG
SODQWJURZWKSURFHVVHVDWGLIIHUHQWOHYHOVRIGHWDLODQGDEVWUDFWLRQ
3ULHVDFNHW DO >@XVHG&(5(663$66DQG WKH68&526PRGHO WR LQYHVWLJDWH WKH LPSDFWRIFURS
JURZWKPRGHOVRQVLPXODWHGZDWHUDQGQLWURJHQ1EDODQFHV7KH\IRXQGRQO\VXEWOHGLIIHUHQFHVDPRQJ
WKHGLIIHUHQWPRGHOVLQWKHLUVLPXODWLRQRIWKHZDWHUEDODQFHEXWFRPSDUDWLYHO\ ODUJHGLIIHUHQFHVLQWKHLU
SHUIRUPDQFHWRSUHGLFWFDUERQ&DQG1WXUQRYHU0RUHUHFHQWO\%LHUQDWKHWDO>@XVHGWKH&(5(6
63$66 68&526 DQG *(&526 PRGHOV WR HYDOXDWH WKHLU DELOLW\ WR SUHGLFW GLIIHUHQW HQYLURQPHQWDO
LPSDFWV RQ VSULQJ ZKHDW JURZQ LQ RSHQWRS FKDPEHUV 7KH PRVW DGHTXDWH VLPXODWLRQ UHVXOWV ZHUH
REWDLQHGE\68&526IROORZHGE\WKH63$66*(&526DQG&(5(6PRGHOV,WZDVFRQFOXGHGWKDWWKH
PRUHPHFKDQLVWLFSODQWJURZWKPRGHOV*(&526DQG63$66GRQRWQHFHVVDULO\H[KLELWEHWWHUSUHGLFWLYH
SHUIRUPDQFH
8VLQJWKHVHIRXUFURSPRGHOVWKHPDLQDLPVRIWKLVVWXG\DUHLWRLQYHVWLJDWHKRZLQGLYLGXDOPRGHO
ZHLJKWGLVWULEXWLRQVIURPHQVHPEOHVLPXODWLRQVGHSHQGRQWKHDYDLODELOLW\RIHYDSRWUDQVSLUDWLRQOHDIDUHD
LQGH[ DQG VRLOPRLVWXUH GDWD DQG LL WR DQDO\]H KRZGLIIHUHQWZHLJKW GLVWULEXWLRQV SURSDJDWH RQWR WKH
SUHGLFWLYHHUURUYDULDQFHRIWKHHQVHPEOH)LQDOO\ZHGLVFXVVRQRXUUHVXOWVWKHVWUXFWXUDOGHILFLHQFLHVRI
WKHIRXUPRGHOVDQGZKLFKGDWDW\SHVKHOSWRUHYHDOEHVWZKDWFDQEHOHDUQHGDERXWWKHPRGHOVDQGWKHLU
UHODWLYHSHUIRUPDQFH
2. Materials and Methods 
2.1. Field data 
:LQWHUZKHDWZDVVRZQLQDXWXPQDWDQRSHQDQGIODWILHOGRIDERXWKDLQWKH6ZDELDQ$OE
UHJLRQ LQ 6RXWKZHVWHUQ *HUPDQ\ ZKLFK LV FKDUDFWHUL]HG E\ D FRRO DQG KXPLG FOLPDWH PHDQ DQQXDO
516   Th. Wöhling et al. /  Procedia Environmental Sciences  19 ( 2013 )  514 – 523 

WHPSHUDWXUH &SUHFLSLWDWLRQ PP7KHVXEVXUIDFHFRQVLVWVRIDVKDOORZP5HQG]LQD
VRLORQ-XUDVVLF OLPHVWRQHZLWKDGHHSZDWHU WDEOH)LYHVXESORWVRIPðZHUHVHOHFWHG WRPHDVXUH OHDI
DUHDLQGH[/$,DQGSKHQRORJLFDOGHYHORSPHQW+DUYHVWDWJUDLQPDWXULW\WRRNSODFHRQ$XJXVW
$QHGG\FRYDULDQFH(&VWDWLRQZDVLQVWDOOHGRQ0D\WRPHDVXUHVHQVLEOHDQGODWHQWKHDWIOX[HV
,QDGGLWLRQDLUWHPSHUDWXUHKXPLGLW\DQGUDLQIDOOZHUHPHDVXUHGRQVLWHDQG7'5SUREHVZHUHLQVWDOOHG
DWDQGFPGHSWKVWRPHDVXUHWHPSRUDOG\QDPLFVRIVRLOPRLVWXUHFRQWHQW)RUSRVWFORVLQJWKHHQHUJ\
EDODQFHJDS LQ(& IOX[GDWD WKH VHQVLEOH KHDW IOX[ FRUUHFWLRQ +FRUUHFWLRQZDV XVHG DVSURSRVHGE\
)RNHQ IRU KHWHURJHQHRXV ODQGVFDSHV >@/DWHQW KHDW IOX[GDWDZHUH DJJUHJDWHG WRZHHNO\YDOXHV$OO
RWKHUVHQVRUGDWDZHUHDJJUHJDWHGWRGDLO\YDOXHVIRUXVHLQRXUVLPXODWLRQV$GHWDLOHGGHVFULSWLRQRIWKH
ILHOGVLWHLQVWUXPHQWDWLRQDQGPHDVXUHPHQWVLVJLYHQLQ,QJZHUVHQHWDO>@DQG*D\OHUHWDO>@
2.2. Crop Models 
7KH &(5(6 63$66 68&526 DQG *(&526 PRGHOV XVHG LQ WKLV VWXG\ DUH LPSOHPHQWHG LQ WKH
PRGHO V\VWHP([SHUW1ZKLFK FRPSULVHV VHYHUDOPRGXODU VXEPRGHOV WR VLPXODWH YHUWLFDO WUDQVSRUW RI
ZDWHUVROXWHDQGKHDWLQWKHXQVDWXUDWHG]RQHRUJDQLFPDWWHUWXUQRYHUDQGFURSJURZWK>@7KHIRXU
PRGHOV FRQVLGHUHG KHUHLQ GLIIHU LQ WKHLU XQGHUO\LQJ UHSUHVHQWDWLRQ RI FURS SURFHVVHV EXW XVH LGHQWLFDO
PRGXOHVWRVLPXODWHZDWHUKHDWDQGQLWURJHQWUDQVSRUWWKURXJKWKHVRLO6RLOZDWHUIORZLVPRGHOHGZLWK
WKH5LFKDUGVHTXDWLRQ DV LPSOHPHQWHGE\ >@DQG WKHYDQ*HQXFKWHQ0XDOHPPRGHO >@ LVXVHG WR
SDUDPHWHUL]H WKH VRLO K\GUDXOLF IXQFWLRQV ,Q DOO RXU VLPXODWLRQVZH DVVXPH WZR KRUL]RQWDO VRLO OD\HUV
ZLWKGHSWKUDQJHVIURP PDQG±P+HDWWUDQVIHUDQGVRLO1WUDQVSRUWDUHFDOFXODWHG
XVLQJ/($&+1>@ZKHUHDV VRLO&DQG1 WXUQRYHUDUH VLPXODWHGZLWK WKH62,/1PRGHO >@ ,QDOO
FDVHV SRWHQWLDO HYDSRWUDQVSLUDWLRQ LV FDOFXODWHG IROORZLQJ WKH 3HQPDQ0RQWHLWK HTXDWLRQ XVLQJ FURS
IDFWRUVIRUZLQWHUZKHDW>@
3KRWRV\QWKHVLV ELRPDVV DFFXPXODWLRQ OHDI DUHD GHYHORSPHQW URRW GLVWULEXWLRQ DQG VHQHVFHQFH DUH
FDOFXODWHG GHSHQGLQJ RQ VHYHUDO HQYLURQPHQWDO LPSDFWV VXFK DV WHPSHUDWXUH LUUDGLDQFH ZDWHU DQG 1
DYDLODELOLW\ +RZHYHU GLVWLQFW GLIIHUHQFHV H[LVW EHWZHHQ WKH IRXU PRGHOV ,Q &(5(6 D FXUYLOLQHDU
UHODWLRQ EHWZHHQ & DVVLPLODWLRQ DQG GDLO\ DEVRUEHG VRODU UDGLDWLRQ VLPXODWHG E\ D VLPSOH ³ELJOHDI´
DSSURDFK LV DVVXPHG %LRPDVV DFFXPXODWLRQ DQG DVVLPLODWH GLVWULEXWLRQ LV EDVHG RQ WKH FRQFHSW RI
UDGLDWLRQ XVH HIILFLHQF\ DQG DQ HPSLULFDO VLQNVRXUFH FRQFHSW ,Q FRQWUDVW LQWHUFHSWHG SKRWRDFWLYH
UDGLDWLRQ 3$5 LV FDOFXODWHG LQ 68&526 63$66 DQG *(&526 E\ FRQVLGHULQJ GLUHFW DQG GLIIXVLYH
UDGLDWLRQFRPSRQHQWVVKDGHGDQGVXQOLWOHDYHVDQGGLIIHUHQWVSDWLDOOD\HUVZLWKLQWKHFDQRS\,QDGGLWLRQ
WKH GLXUQDO YDULDWLRQ RI LQFLGHQW UDGLDWLRQ LV H[SOLFLWO\ FRQVLGHUHG ,Q HDFK RI ILYH FDQRS\ OD\HUV
SKRWRV\QWKHVLV UDWHVRIVKDGHGDQGVXQOLW OHDYHVDUHFDOFXODWHGDQGVXEVHTXHQWO\ LQWHJUDWHGQXPHULFDOO\
IURPWKHWRSRIWKHFDQRS\WRWKHVRLOVXUIDFH7KH63$66PRGHOLVDK\EULGPRGHOFRPSRVHGRISDUWVRI
&(5(6 DQG 68&526 ,Q 63$66 DQG 68&526 SKRWRV\QWKHVLV IROORZV D K\SHUEROLF GHSHQGHQF\ RQ
3$5DVSURSRVHGE\*RXGULDDQDQGYDQ/DDU>@
7KH63$66DQG&(5(6PRGHOVXVHVLPLODUURXWLQHVIRUURRWJURZWKDQGURRWZDWHUXSWDNH,QFRQWUDVW
68&526DQG*(&526XVH VLPSOHUDSSURDFKHV IRU URRWVZKLFKGRQRWFRQVLGHUDGDSWDWLRQRIYHUWLFDO
URRWGLVWULEXWLRQWRVRLOPRLVWXUHDQG1VXSSO\)URPDOOWKHGLIIHUHQWPRGHOVSKRWRV\QWKHVLVDVZHOODV
SODQW LQWHUQDOGLVWULEXWLRQRI DVVLPLODWHVDQG1 WRGLIIHUHQWSODQWRUJDQV LV UHSUHVHQWHGPRVWGHWDLOHG LQ
*(&526,QWKLVPRGHOSKRWRV\QWKHVLVLVFDOFXODWHGDFFRUGLQJWRWKHELRFKHPLFDODSSURDFKRI)DUTXKDU
>@ZKLFKGHSHQGVRQOHDILQWHUQDO&2FRQFHQWUDWLRQ&RQVHTXHQWO\WKLVDSSURDFKLQFOXGHVDGHWDLOHG
PRGHORI VWRPDWDO FRQGXFWLYLW\ WKDWFRQVLGHUV WKHFORVH LQWHUGHSHQGHQF\EHWZHHQ&2DVVLPLODWLRQDQG
ZDWHU ORVVHVGXH WR WUDQVSLUDWLRQ*(&526DOVRDVVXPHV DQRSWLPXPFULWHULRQ IRUFDUERK\GUDWHDQG 1
GLVWULEXWLRQEHWZHHQURRWVDQGVKRRWV

517 Th. Wöhling et al. /  Procedia Environmental Sciences  19 ( 2013 )  514 – 523 

:HKDYHVHOHFWHGILYHFRPPRQVRLOK\GUDXOLFSDUDPHWHUVIRUHDFKRIWKHWZRVRLOOD\HUVWRWDOLQJWHQ
VRLO K\GUDXOLF SDUDPHWHUV DQG IRXU VSHFLILF FURS PRGHO SDUDPHWHUV DV XQFHUWDLQ SDUDPHWHUV LQ RXU
PRGHOLQJ VFKHPH 7KHVH SDUDPHWHUV DSSHDUHG PRVW VHQVLWLYH WR WKH PRGHO SUHGLFWLRQV DQG OLWWOH
NQRZOHGJHZDVDYDLODEOHDSULRUL7KHXQFHUWDLQVRLOSDUDPHWHUVDUHWKHYDQ*HQXFKWHQSDUDPHWHUVIRUWKH
VDWXUDWHGZDWHUFRQWHQWθV PP WKH VKDSHSDUDPHWHUVRI WKHZDWHU UHWHQWLRQ IXQFWLRQĮDQGQ WKH
VDWXUDWHG K\GUDXOLF FRQGXFWLYLW\KV FPG DQG WKH SRUHFRQQHFWLYLW\ SDUDPHWHU l  7KHPD[LPXP
URRWH[WHQVLRQUDWHįUFPG WKHVSHFLILFURRWOHQJWKGHQVLW\Ȝ5P.J WKHPD[LPXPZDWHUXSWDNH
UDWHȗ:FPFPGDQGWKHVSHFLILFOHDIZHLJKWȜ/.JKDOHDIDUHDZHUHXQFHUWDLQIRUWKH&(5(6
DQG 63$66 PRGHOV )RU 68&526 RQO\ WKUHH RI WKHVH IRXU SDUDPHWHUV ZHUH FRQVLGHUHG XQFHUWDLQ
EHFDXVHWKHPRGHOGRHVQRWXVHDSDUDPHWHUIRUWKHPD[LPXPZDWHUXSWDNHUDWH6SHFLILFOHDIDUHDsODP
JOHDIFULWLFDOURRWZHLJKWGHQVLW\w5EJPFPGHSWKPLQLPDOOHDI1nE İsODJ1P
DQG WKH VORSH RI WKH PD[LPXP FDUER[\ODWLRQ UDWH YHUVXV OHDI1 ¨9FPD[ PRO V J 1 ZHUH WUHDWHG
XQFHUWDLQLQWKH*(&526PRGHO
2.3. Bayesian Model Update
:HFRQVLGHUWKUHHGLIIHUHQWGDWDW\SHVLQRXUDQDO\VLVDFWXDOHYDSRWUDQVSLUDWLRQ(7$LHODWHQWKHDW
IOX[ /$, DQG VRLO PRLVWXUH 7KH LQGLYLGXDO GDWD SDFNDJHV DQG FRPELQDWLRQV WKHUHRI DUH XVHG WR
FRQGLWLRQ HQVHPEOHV FRQWDLQLQJ UDQGRP UHDOL]DWLRQV RI WKH IRXU VRLOSODQWPRGHOV%\ FRPELQLQJ WKHVH
GDWDW\SHVLQGLIIHUHQWJURXSVZHREWDLQHLJKWGLIIHUHQWGDWDSDFNDJHVFRUUHVSRQGLQJWRWKHHLJKWGLIIHUHQW
%D\HVLDQPRGHOXSGDWHUXQVOLVWHGLQ7DEOH7KHGDWDSDFNDJHVDUHVXEVHTXHQWO\GHQRWHGE\WKHYHFWRU
y0LQGLFHVIRUWKHUXQQXPEHUDUHRPLWWHGIRUVLPSOLFLW\
7DEOH%0$UXQVZLWKFRUUHVSRQGLQJGDWDSDFNDJHV[ GDWDLQFOXGHGR GDWDH[FOXGHG
UXQ
'DWDSDFNDJHy0
       
/$, R R R R [ [ [ [
(7$ R R [ [ R R [ [
TFP R [ R [ R [ R [
TFP R [ R [ R [ R [


7KH PRGHO XSGDWH IRU D JLYHQ GDWD SDFNDJH  y0 LV GRQH YLD %D\HVLDQ ,QIHUHQFH :H DVVXPH DQ
LQGHSHQGHQW*DXVVLDQHUURUPRGHOIRUGHILQLQJWKHOLNHOLKRRGV
࢟ ൌ ࢟૙ ൅ ݁௬ǡ݁௬ ൌ ࣨ൫Ͳǡ ߳௬൯ǡ   (1) 
ZKHUHyLVWKHFRUUHVSRQGLQJYHFWRURIWUXHV\VWHPVWDWHVEHKLQGWKHGDWDZLWKHUURUV7KHPHDVXUHPHQW
HUURUV IRU (7$ DQG VRLO PRLVWXUH DUH DVVXPHG WR EH  RI WKH PHDVXUHPHQW UDQJH ZKHUHDV /$,
PHDVXUHPHQWHUURUVZHUHGHWHUPLQHGH[SHULPHQWDOO\ZLWKVWDQGDUGGHYLDWLRQVIRULQGLYLGXDOGDWHVUDQJLQJ
EHWZHHQDQG,QWKHIROORZLQJWKHIRXUPRGHOVDUHGHQRWHGDVy f\skZKHUHsLVWKHYHFWRU
RI WKH PRGHO SDUDPHWHUV DQG k LV WKH LQGLFDWRU IRU WKH GLIIHUHQW PRGHOV 7KH %RRWVWUDS )LOWHU %) RU
3DUWLFOH)LOWHUE\*RUGRQHWDO>@LVXVHGWRSHUIRUPWKH%D\HVLDQPRGHOXSGDWH,QSULQFLSOHWKH%)UH
ZHLJKWVUHDOL]DWLRQVXVLQJ%D\HV
7KHRUHP7KHZHLJKWHGFRQGLWLRQDOSRVWHULRUGLVWULEXWLRQRIWKHPRGHO
SDUDPHWHUVJLYHQPHDVXUHPHQWGDWDy0LVWKHQSURSRUWLRQDOWRWKHSURGXFWRIGDWDOLNHOLKRRGDQGSULRU
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݌ሺ࢙ȁ࢟૙ǡ ݇ሻ ן ܮሺ࢟૙ȁ࢙ǡ ݇ሻ݌ሺ࢙ȁ݇ሻ.   (2) 
$GHVLUHGSUHGLFWLRQz LV SURYLGHG LQ HDFKPRGHO E\ D IXQFWLRQ f]skZKLFK FDQEH YLHZHG DV UDZ
GLVWULEXWLRQV pz_sk 7KXV ZH FDQ DOVR DVVHVV WKH SUHGLFWLYH GLVWULEXWLRQ pz_sk IRU HDFK PRGHO
FRQGLWLRQHGRQWKHGDWDy0
݌ሺࢠȁ࢟૙ǡ ݇ሻ ൌ ݌ሺࢠȁ࢙ǡ ݇ሻ݌ሺ࢙ȁ࢟૙ǡ ݇ሻ. (3)
7KHSULRUHQVHPEOHVIRUWKHPRGHOVsNDUHJHQHUDWHGE\GUDZLQJnUHDOL]DWLRQVIURPps_kZKHUHsNDUH
WKHGLIIHUHQWPRGHOLQSXWSDUDPHWHUVIRUWKHLQGLYLGXDOPRGHOV%HWZHHQn DQG0RQWH
&DUORVLPXODWLRQVZHUHSHUIRUPHGIRUHDFKLQGLYLGXDOVRLOSODQWPRGHO7KHGLIIHUHQWQXPEHUVDUHFKRVHQ
WR\LHOGVLPLODUFRQYHUJHQFHRIWKH%)IRUHDFKPRGHODVVHVVHGLQDVHSDUDWHFRQYHUJHQFHVWXG\7KHVH
SDUDPHWHU HQVHPEOHV DUH LQVHUWHG LQWR WKH LQGLYLGXDOPRGHO IXQFWLRQV f\sk DQG f]sk WR HYDOXDWH WKH
SULRUGLVWULEXWLRQVRIGDWDpy_kDQGRISUHGLFWLRQVpz_k

)RUDJLYHQGDWDYHFWRUy0DQGPRGHOkWKH%)HYDOXDWHVDn[ZHLJKWLQJYHFWRUwDFFRUGLQJWR(T
ZLWKWKHHQWULHVwL psi_y07KHSRVWHULRUH[SHFWDWLRQIRUHDFKPRGHOLVWKDQHYDOXDWHGE\ZHLJKHG
DYHUDJH
߃ࢠȁ࢟ሾࢠሿ ൌ σ ࢠ௜ݓ௜௡௜ୀଵ Ǥ (4) 
7KHSRVWHULRUPRGHOYDULDQFHLVHYDOXDWHGE\WKHZHLJKWHGYDULDQFHIRUPXODDFFRUGLQJWR:HLVV>@
ሺܸࢠȁ࢟ሻሾࢠሿ ൎ ௩భ௩భమି௩మ ሾσ ࢠ௜
ଶݓ௜௡௜ୀଵ െ ሺσ ࢠ௜ݓ௜௡௜ୀଵ ሻଶሿǤ  (5) 
,Q RXU DQDO\VLV ZH XVH WKH QRUPDOL]HG URRW PHDQ VTXDUHG HUURU 1506( WR MXGJH WKH SUHGLFWLYH
TXDOLW\RIWKHFRQGLWLRQDOPRGHOVWRPDWFKWKHREVHUYDWLRQGDWD,WLVHYDOXDWHGIURPWKHFRQGLWLRQDOPHDQ
DQGPHDVXUHGYDOXHVzRIWKHSUHGLFWLRQzDVIROORZV
ܴܰܯܵܧࢠ ൌ ܧࢠ ൤ඥሺாሺࢠȁ࢟ሻିࢠబሻ
మ
ఙሺࢠబሻ ൨Ǥ (6) 
7KHVDPHGLVWULEXWLRQVDQGVWDWLVWLFVFDQDOVREHHYDOXDWHGIRUWKH%D\HVLDQPRGHODYHUDJH%0$7R
HYDOXDWH WKH SULRU DQG SRVWHULRU %0$ GLVWULEXWLRQV ZH VLPSO\ PDUJLQDOL]H RYHU WKH LQGLYLGXDO
FRQGLWLRQDOPRGHOSUREDELOLW\Pk PkDQG _Ö ykPPk  >@$VkLVDGLVFUHWHPRGHOLQGLFDWRUWKH
JHQHUDOLQWHJUDWLRQRYHUkVLPSOLILHVWRDVXPPDWLRQRYHUDOOkYDOXHV
݌ሺ࢙ȁ࢟૙ሻ ൌ σ ݌ሺ࢙ȁ࢟૙ǡ ݇ ൌ ݅ሻ ෠ܲሺ݇ሻ௞௜ୀଵ Ǥ  (7) 
7KH SULRU PRGHO SUREDELOLWLHV Pk DUH VHW WR ó IRU HDFK PRGHO VLJQLI\LQJ QR VSHFLILF PRGHO
SUHIHUHQFH7KHSRVWHULRUPRGHOSUREDELOLWLHV Ö kP DUHJLYHQLQ%0$DV
෠ܲሺ݇ሻ ן ܲሺ݇ሻ ڄ ܧ࢙ሾܮሺ࢟૙ȁ࢙ǡ ݇ሻሿ (8) 


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3. Results and Discussions 
3.1. Soil-plant model ensemble performance 
,Q D YHU\ ILUVW VWHS ZH FRPSDUHG WKH SHUIRUPDQFH RI WKH IRXU VLQJOH FURS JURZWK PRGHOV WR WKH
SHUIRUPDQFHRIWKH%0$PHDQZKHQFRQGLWLRQHGRQDOOGDWDUXQ:HFDOFXODWHGWKH1506(IRU/$,
(7$ DQG VRLO PRLVWXUH GDWD DQG DJJUHJDWHG LW WR D VLQJOH 66( SHUIRUPDQFH FULWHULRQ 7KLV FULWHULRQ
DWWDLQHGYDOXHVRIDQGIRU WKH&(5(668&52663$66DQG*(&526PRGHOV
UHVSHFWLYHO\7KH%0$PHDQRXWSHUIRUPHGDOOLQGLYLGXDOPRGHOVZLWK1506( 


)LJ3RVWHULRUZHLJKWGLVWULEXWLRQVUHVXOWLQJIURP%0$UXQVZLWKGLIIHUHQWGDWDSDFNDJHVDQGVXPPHGXSIRUWKHLQGLYLGXDOFURS
JURZWKPRGHOV
7KH SRVWHULRU ZHLJKW GLVWULEXWLRQ RI WKH FRUUHVSRQGLQJ %0$ UXQ LV GHSLFWHG LQ )LJXUH  UXQ 
ULJKWPRVWEDU$SSUR[LPDWHO\RIWKHZHLJKWVDUHDVVRFLDWHGWRWKH&(5(6PRGHOUHGWRWKH
63$66PRGHOEOXHDQGWRWKH68&526PRGHOJUHHQ7KHFRQWULEXWLRQRIWKH*(&526PRGHO
\HOORZLQWKHSRVWHULRUZHLJKWGLVWULEXWLRQLVQHJOLJLEOH7KLVLVVRPHZKDWVXUSULVLQJVLQFHLWLV
WKH PRGHO ZLWK WKH ODUJHVW GHJUHH RI FRPSOH[LW\ LQ WKH SURFHVV GHVFULSWLRQV $SSDUHQWO\ WKH ODUJHU
IOH[LELOLW\ RI WKHPRGHO GRHV QRW OHDG WR D VXIILFLHQWO\ EHWWHU ILW FRPSDUHG WR WKH RWKHUPRGHOV ZKLFK
LQGLFDWHV D VXEVWDQWLDO PRGHOVWUXFWXUDO HUURU DW OHDVW IRU WKLV VSHFLILF VLWH &RQVLGHULQJ IXUWKHU WKH
SRVWHULRUZHLJKWGLVWULEXWLRQVRIWKH%0$UXQVZLWKWKHGLIIHUHQWGDWDSDFNDJHVLWFDQEHREVHUYHGWKDW
*(&526DWWDLQVDOVRYHU\ORZZHLJKFRQWULEXWLRQVIRUPRVWRIWKHRWKHUUXQV7KHRQO\H[FHSWLRQLVUXQ
ZKHUHWKHHQVHPEOHLVFRQGLWLRQHGRQO\RQVRLOPRLVWXUHGDWD+HUH*(&526DWWDLQVDERXWRIWKH
ZHLJKWV )LJ  7KHVH UHVXOWV DUH LQ OLQH ZLWK UHVXOWV IURP D SUHYLRXV VWXG\ ZKHUH D ODUJH WUDGHRII
EHWZHHQ WKH ILW WR WKH LQGLYLGXDO GDWD W\SHV ZDV REVHUYHG DQG QR FRPSURPLVH VROXWLRQ H[LVWHG IRU
*(&526WKDWILWVZHOOWRDOOGDWDDWWKLVSDUWLFXODUVLWH7KHVHILQGLQJVKRZHYHUVKRXOGQRWEHXVHGDVD
MXVWLILFDWLRQ WR UHPRYH *(&526 IURP PRGHO HQVHPEOHV LQ JHQHUDO *(&526 SHUIRUPHG VXSHULRU WR
RWKHUPRGHOVDWDGLIIHUHQWH[SHULPHQWDOVLWHZLWKDGHHSORHVVVRLO>@3RWHQWLDOUHDVRQVIRUWKHSRRU
SHUIRUPDQFHDWWKHVLWHLQYHVWLJDWHGKHUHFRXOGEHDSRRUSDUDPHWHUL]DWLRQRIWKHLQWHUSOD\EHWZHHQURRW
ZDWHUXSWDNHLQWKHVKDOORZVRLOZLWKWKHHYDSRWUDQVSLUDWLRQSURFHVVHVDQGWKHGHYHORSPHQWRIWKH/$,$
KLJKHUSDUDPHWHUL]DWLRQWKDWLQFOXGHVXQFHUWDLQW\RIDGGLWLRQDOSDUDPHWHUVDQGWKXVUHFRJQL]HVWKHKLJKHU
GHJUHHRIFRPSOH[LW\RI*(&526FRPSDUHGWRWKHRWKHUPRGHOVFRXOGSRWHQWLDOO\RYHUFRPHWKHVHLVVXHV
EXWWKLVDQDO\VLVLVEH\RQGWKHVFRSHRIWKLVSDSHUDQGQRWSXUVXHGKHUH
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7KHUHVXOWLQJSRVWHULRUGLVWULEXWLRQRI%0$ZHLJKWVIURPWKHYDULRXVUXQVZLWKGLIIHUHQWGDWDSDFNDJHV
UXQV±GLIIHUZLGHO\IURPWKHIXOO\FRQGLWLRQHGGLVWULEXWLRQUXQ+HQFHGLIIHUHQWGDWDW\SHVDQG
FRPELQDWLRQVWKHUHRIVXSSRUWGLIIHUHQWFURSJURZWKPRGHOV&(5(6REWDLQVODUJHZHLJKWVLQPRVWFDVHV
ZKHQ/$,DQGRU(7$DUHXVHGLQUXQ63$66REWDLQVODUJHZHLJKWV IRUUXQVZLWK(7$DQGT
LQUXQDQGLQFDVH/$,LVQRWSUHVHQW7KLVLVDQLQGLFDWLRQWKDW63$66SHUIRUPVEHWWHUWKDQWKH
RWKHUPRGHOVIRUSURFHVVHVOLQNLQJVRLOZDWHUWUDQVSRUWURRWZDWHUXSWDNHDQGHYDSRWUDQVSLUDWLRQ7KLVLV
GXHWRLWVPRVWGHWDLOHGUHSUHVHQWDWLRQRIURRWG\QDPLFV68&526REWDLQVJHQHUDOO\VPDOOHUZHLJKWVWKDQ
&(5(6DQG63$66ZLWKWKHH[FHSWLRQRIUXQZKHUH/$,DQGTZDVXVHG7KHSRVWHULRUZHLJKW
GLVWULEXWLRQWKDWUHVHPEOHVFORVHVWWKHGLVWULEXWLRQRIWKHIXOO\FRQGLWLRQHGUXQLV UXQZKHUHRQO\(7$
ZDVXVHG7DEDQG)LJ,QWKDWVHQVH(7$KDVWKHODUJHVWLQGLYLGXDOGDWDZRUWKIRUILQGLQJWKHILQDO
PRGHOZHLJKWLQJDFKLHYHGLQWKLVVWXG\ZLWKDOOGDWDDWRQFH
3.2. Data worth for ETA predictions 
,WLVFKDOOHQJLQJDQGH[SHQVLYHWRUXQDQHGG\FRYDULDQFHVWDWLRQLQWKHILHOGIRU(7$PHDVXUHPHQWV
7KHLQVWDOODWLRQRIWKHHTXLSPHQWUHTXLUHVDKLJKOHYHORIVNLOODQGH[SHULHQFHDQGWKHKLJKIUHTXHQF\GDWD
KDV WRXQGHUJRVHYHUDODJJUHJDWLRQDQGSRVWSURFHVVLQJVWHSV WKDWPD\ LQWURGXFHHUURUV ,QDGGLWLRQ WKH
IRRWSULQW RI HGG\FRYDULDQFH PHDVXUHPHQWV LV VLWHVSHFLILF DQG GLIILFXOW WR HVWLPDWH $OO WKLV WDNHQ
WRJHWKHUFDQUHVXOW LQPHDVXUHPHQWXQFHUWDLQWLHVRIRIDEVROXWHGDLO\YDOXHVDQG ODUJHU<HW LW LV
LPSRUWDQW WR FRUUHFWO\ VLPXODWH (7$ VLQFH LW LV D ERXQGDU\ IOX[ WKDW FRXSOHV ODQGVXUIDFHDWPRVSKHUH
SURFHVVHV DQG WKHLU IHHGEDFNV7KHUHIRUHZH UHSRUW LQ WKLV VHFWLRQ RQ WKHZRUWK RI WKH LQGLYLGXDO GDWD
W\SHVDQGFRPELQDWLRQVWKHUHRIIRUSUHGLFWLQJ(7$


)LJ3HUIRUPDQFHRIWKHLQGLYLGXDO%0$UXQVWRSUHGLFW(7$
)LJXUH VKRZV WKH1506( DQG WKH UHODWLYH FRQGLWLRQDO YDULDQFHYDOXHV IRU WKH YDULRXV%0$ UXQV
UHSRUWHG LQ7DEOH$V H[SHFWHG WULYLDOO\ WKH UXQZLWK(7$GDWD UXQ  H[KLELWV WKH ORZHVW1506(
PPDQGWKHORZHVWUHODWLYHFRQGLWLRQDOYDULDQFH1506(LVDPHDVXUHIRUSUHGLFWLRQELDV
7KH UHODWLYH FRQGLWLRQDO YDULDQFH LV WKH UDWLR EHWZHHQ XQFRQGLWLRQHG DQG FRQGLWLRQHG YDULDQFH DQG
PHDVXUHV WKH LPSURYHPHQW RI SUHGLFWLRQ FRQILGHQFH $ YDOXH RI XQLW\ ]HUR VLJQLILHV QR FRPSOHWH
LPSURYHPHQW,W LVDOVRVKRZQWKDWVRLOPRLVWXUHKDVWKHOHDVWXWLOLW\ WRFRQVWUDLQ(7$SUHGLFWLRQVVLQFH
WKHUHODWLYHFRQGLWLRQDOYDULDQFHLVODUJH7KH/$,GDWDDORQHSHUIRUPEHWWHUWKDQ/$,GDWDDQGVRLO
PRLVWXUHGDWD FRPELQHG7KLV LV FRQILUPHGE\ VLJQLILFDQWO\ ORZHU1506(DQG VOLJKWO\ ORZHU YDULDQFH
YDOXHV)LJ+RZHYHUWKH1506(ZLWKVRLOPRLVWXUHGDWDDORQHLVYHU\VLPLODUWRWKH1506(
YDOXHZLWK/$,GDWDDORQHPP
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2YHUDOO/$,VHHPVWREHWKHEHVWSUR[\IRU(7$PHDVXUHPHQWVDQGLWLVK\SRWKHVL]HGWKDWYLFHYHUVD
(7$LVDJRRGSUR[\IRU/$,GDWDWRR7KHUHLVDFOHDUUHODWLRQVKLSEHWZHHQOHDIDUHDDQGWUDQVSLUDWLRQ
UDWHVSDUWLFXODULQWKHDEVHQFHRIZDWHUDQGQXWULHQWVWUHVVZKHQURRWZDWHUXSWDNHDQGWUDQVSLUDWLRQDUH
QRW UHVWULFWHG 7KH VOLJKW GHFUHDVH LQ SUHGLFWLYH SHUIRUPDQFH ZKHQ VRLO PRLVWXUH LV LQFOXGHG IRU
FRQGLWLRQLQJLQDGGLWLRQWR/$,VXJJHVWVWKDWQRQHRIWKHFURSJURZWKPRGHOVKDVWKHLGHDOVWUXFWXUHRU
SDUDPHWHUL]DWLRQWRVLPXOWDQHRXVO\UHSURGXFHWKHREVHUYDWLRQVRIWKHGLIIHUHQWGDWDW\SHV


)LJ3ULRUDQGSRVWHULRUFRQILGHQFHLQWHUYDOVIRU(7$SUHGLFWLRQVDQGGDWDDOOPRGHOVJUH\VKDGHVLQGLYLGXDOPRGHOVFRORUHG
VKDGHVHUURUEDUVDQGREVHUYHGGDWD
7RLQYHVWLJDWHWKHSHUIRUPDQFHRIWKHLQGLYLGXDOPRGHOVIRUVLPXODWLQJZHHNO\DYHUDJHVRIGDLO\(7$
LQ PRUH GHWDLO FRQVLGHU )LJXUH  ZKLFK GHSLFWV WKH SULRU DQG SRVWHULRU FRQILGHQFH LQWHUYDOV RI (7$
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
SUHGLFWLRQV IRU WKH LQGLYLGXDOPRGHOV7KHSRVWHULRUGLVWULEXWLRQVDUHFDOFXODWHGXVLQJDOO DYDLODEOHGDWD
W\SHV UXQ  7KH JUH\ VKDGHV GHSLFW WKH  DQG  SULRUSRVWHULRU FRQILGHQFH LQWHUYDOV RI WKH IXOO
HQVHPEOHZLWKDOOIRXUFURSJURZWKPRGHOVLQ%0$ZKHUHDVWKHFRORUHGVKDGHVLQGLFDWHWKHFRQILGHQFH
LQWHUYDOVRIWKHLQGLYLGXDOPRGHOV7KHSULRUXQFHUWDLQW\ERXQGVRIWKH&(5(6DQG68&526PRGHOVDUH
YHU\ODUJHDQGSDUWO\H[FHHGWKHFRUUHVSRQGLQJXQFHUWDLQW\ERXQGVRIWKHHQWLUHHQVHPEOH7KLVLQGLFDWHV
WKDW WKH(7$SUHGLFWLRQVZLWKWKHVHPRGHOVDUHKLJKO\XQFHUWDLQSULRUWRFDOLEUDWLRQEXWWKHXQFHUWDLQW\
ERXQGVFRYHUWKHFRUUHVSRQGLQJ(7$REVHUYDWLRQV,QFRQWUDVWWKHSULRUXQFHUWDLQW\ERXQGVRIWKHPRUH
FRPSOH[63$66DQG*(&526PRGHOVDUHVPDOOHUEXWFRYHUOHVVRIWKHREVHUYDWLRQV,QWHUHVWLQJO\WKH
SULRUXQFHUWDLQW\RIWKH(7$YDOXHLQZHHN*(&52663$66DVZHOODVLQZHHNVDQG63$66
LVYHU\VPDOOFRPSDUHGWRRWKHUZHHNV)LJ7KLVLVDOVRWKHFDVHIRUWKHSRVWHULRUXQFHUWDLQW\ERXQGV
WKDWDUHJHQHUDOO\VPDOOHUDVH[SHFWHG6RODUUDGLDWLRQDQGSRWHQWLDOHYDSRWUDQVSLUDWLRQZDVORZLQZHHN
FRPSDUHG WR WKHRWKHU WLPH LQWHUYDOVZKLFKFRXOGH[SODLQ WKHKLJKHUFRQILGHQFHRI WKHPRGHOVEXW WKLV
ZDVQRWREVHUYHGLQZHHNVDQG
7KHXQFHUWDLQW\RI WKH LQGLYLGXDOPRGHOVJHQHUDOO\ LQFUHDVHVZLWKSODQW VHQHVFHQFH*(&526 LV WKH
RQO\PRGHO WKDW LV XQDEOH WR SUHGLFW WKH(7$SHDNV LQZHHNV DQG DOWKRXJK LW H[KLELWV LQFUHDVHG
XQFHUWDLQW\ERXQGIRUWKHVHGDWHVZKLFKH[SODLQVZK\WKLVPRGHOREWDLQHGOLWWOHZHLJKWLQWKH%0$UXQ
ZLWKDOOGDWD
4. Summary and Conclusions 
0RQWH&DUOR UHDOL]DWLRQV RI IRXU VRLOSODQWPRGHOV ZLWK GLIIHUHQW FURS JURZWKPRGHOV DQG LGHQWLFDO
URXWLQHVWRVLPXODWHZDWHUKHDWDQG1WUDQVSRUWZHUHFRQGLWLRQHGRQILHOGPHDVXUHPHQWVRIVRLOPRLVWXUH
OHDIDUHDLQGH[DQGDFWXDOHYDSRWUDQVSLUDWLRQXVLQJ%D\HVLDQPRGHOXSGDWLQJZLWKD%RRWVWUDSILOWHU7KH
SRVWHULRU %0$PHDQ RI WKH HQVHPEOH LQFOXGLQJ DOO PRGHOV DQG WKHLU UHDOL]DWLRQV SHUIRUPHG EHWWHU DV
FRPSDUHGWRWKHSRVWHULRU%0$PHDQRIWKHLQGLYLGXDOPRGHOV
2XU DQDO\VLV RI GLIIHUHQW GDWD SDFNDJHV VKRZHG WKDW GLIIHUHQW GDWD W\SHV DQG FRPELQDWLRQV WKHUHRI
VXSSRUWGLIIHUHQWPRGHOVDQGWKDWWKHUHLVQRFURSJURZWKPRGHOWKDWRXWSHUIRUPVDOORWKHUV7KHVHUHVXOWV
VXJJHVW WUDGHRIIV LQ WKH ILW WR WKHGLIIHUHQW GDWD W\SHVZKLFK UHODWHV WRPRGHO VWUXFWXUDO HUURUV WKDW DUH
LQKHUHQWLQRQHIRUPRUWKHRWKHULQDOOPRGHOVXQGHUFRQVLGHUDWLRQ&(5(6REWDLQVWKHODUJHVWSRVWHULRU
ZHLJKW SURSRUWLRQ LQ IRXURXW RI VHYHQ FDVHV63$66REWDLQV ODUJHZHLJKWV IRU(7$DQG VRLOPRLVWXUH
GDWDZKHUHDV68&526IDUHVEHWWHUIRU/$,DQGVRLOPRLVWXUHGDWD*(&526REWDLQVD UHODWLYHO\ODUJH
ZHLJKW SURSRUWLRQZKHQ FRQGLWLRQHGZLWK VRLOPRLVWXUH GDWD EXW REWDLQV YHU\ VPDOO SURSRUWLRQV IRU DOO
RWKHU GDWD SDFNDJHV 7KLVPLJKW UHODWH WR SRRU SDUDPHWHUL]DWLRQV RI WKH IHHGEDFNV EHWZHHQ URRW ZDWHU
XSWDNH DQG HYDSRWUDQVSLUDWLRQ DV ZHOO DV /$, GHYHORSPHQW SURFHVVHV IRU WKH VKDOORZ VRLO XQGHU
FRQVLGHUDWLRQ*LYHQWKHVHPL[HGUHVXOWVLWDSSHDUVWKDWQRQHRIWKHPRGHOVVKRXOGEHUHMHFWHGDQGIOX[
SUHGLFWLRQVRIWKHFRXSOHGVRLOSODQWV\VWHPZLOOEHPRUHPHDQLQJIXOLIDOOFURSJURZWKPRGHOVUHPDLQLQ
WKHHQVHPEOH$OVRXQGHUWKHFRQGLWLRQVLQRXUFDVHVWXG\ZHKDYHWRUHMHFWWKHQDLYHH[SHFWDWLRQWKDW
XVLQJPRUHDQGPRUHGDWDZLOOUDWKHUPRQRWRQRXVO\OHDGWRDVKLIWLQWKHPRGHOZHLJKWV7KLVLVFDXVHGE\
WKHGLIIHUHQWFKDUDFWHUVRIPRGHOVWUXFWXUDOHUURUVZLWKUHVSHFWWRGLIIHUHQWSK\VLFDOTXDQWLWLHV+RZHYHU
XVLQJ(7$GDWDDORQHFDXVHVZHLJKWVFORVHVWWRWKHZHLJKWVREWDLQHGZLWKDOOGDWDW\SHV
6LQFH (7$PHDVXUHPHQWV DUH H[SHQVLYH DQG VXEMHFW WR D QXPEHU RI UDWKHU ODUJH HUURU VRXUFHV ZH
DQDO\]HG WKH XWLOLW\ RI WKH GLIIHUHQW GDWD W\SHV DQG FRPELQDWLRQV WR SUHGLFW(7$7KH XVH RI/$, GDWD
DORQHUHVXOWHGLQDEHWWHUPRGHOSHUIRUPDQFH WKDQWKHXVHRIVRLOPRLVWXUHGDWDDORQHRULQFRPELQDWLRQ
ZLWK/$,ZKLFKVXJJHVWVWKDW/$,LVWKHEHVWSUR[\IRU(7$GDWDDWWKLVILHOGVLWH
$VKLJKOLJKWHGKHUHRQVHOHFWHGUHVXOWVRIDODUJHUVWXG\ZHEHOLHYHRXUSURSRVHGPHWKRGVSURYLGHDQ
REMHFWLYHDQGUREXVWZD\IRUPRGHOVHOHFWLRQDQGRSWLPDOGHVLJQIRUDZLGHUDQJHRIDSSOLFDWLRQV
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